Babesia bovis merozoites are exposed to antibodies during the extraerythrocytic phase, and surface polypeptides bearing exposed epitopes are possible immunogens. Monoclonal antibodies reactive with the merozoite surface bind either immunodominant epitopes expressed diffusely on the merozoite surface or, alternatively, epitopes expressed in a polar pattern. Epitopes expressed diffusely on the immunodominant 42-and 44-kDa merozoite polypeptides were not conserved among strains from geographically diverse regions. In contrast, epitopes expressed in a polar pattern on the merozoite surface were conserved among nine strains and clones. Identification of variable and conserved epitopes provides a basis for defining antigenic variation and cross-protective immunity.
Immunization of cattle with merozoite antigens induces protection against challenge with the hemoprotozoan Babesia bovis (6, 13) . Merozoite surface epitopes are exposed to the immune system during the extraerythrocytic phase prior to invasion of new target erythrocytes. We have identified five polypeptides (of 225, 60, 44, 42, and 16 kDa) that bear epitopes exposed on the surfaces of live merozoites (3, 10) of a Mexico strain (13) . Cattle protected against homologous challenge with the Mo7 biological clone of the Mexico strain develop high titers of antibody to the 225-, 60-, 44-, and 42-kDa polypeptides (4) , and immunization of cattle (with the recombinantly derived 44-kDa polypeptide) and rabbits (with the recombinantly derived 60-, 44-, and 42-kDa polypeptides) induces antibodies reactive with the surfaces of live Mexico strain merozoites (10, 14) . In this study, we tested the conservation of merozoite surface-exposed epitopes among B. bovis strains from North America, Israel, and Australia.
The merozoite surface-reactive monoclonal antibodies (MAbs) used were by using a competition radioimmunoassay (9) . Briefly, immunoglobulin was purified from ascitic fluid, quantitated, and coupled at 10 mg/ml to Sepharose 4B (9) c ANA22B1, an unrelated monoclonal antibody reactive with Anaplasma marginale MSP-la, was used as a negative control with all Sepharose-bound MAbs.
d The amount at which 100lo inhibition was observed is given in parentheses; 0% inhibition was at the highest concentration tested (30 p.g).
Australia-S (Queensland, 1969) (7). The biological clones (B and C) of the Israel BbV strain were derived as previously described (11 (Table 2 ). Binding occurred diffusely over the entire merozoite surface of live gradient-purified merozoites and of acetone-fixed intraerythrocytic merozoites in peripheral blood smears. Binding of merozoites sequestered in the cerebral vasculature was determined by using frozen cerebrum sections from calves with acute babesiosis. Prominent sequestration of parasitized erythrocytes within cerebral capillaries was confirmed for each strain by microscopic examination of Giemsa-stained frozen sections. All four MAbs bound 100% of Mexico and Texas strain merozoites within sequestered parasitized erythrocytes. None of the four MAbs reacted with merozoites of the two Australia strains, the two Israel strains, and the two Israel clones when examined by immunofluorescence using acetone-fixed parasitized erythrocytes in peripheral blood smears (Table  2 ). There was no MAb binding to the live merozoite surface or to merozoites within parasitized erythrocytes sequestered in cerebral capillaries (only Australia strains were examined).
To determine whether the 42-and 44-kDa polypeptide epitopes present in the North American strains were highly conformationally dependent, merozoites of all strains and clones were solubilized, reduced, denatured (2% sodium dodecyl sulfate, 1% Nonidet P-40, 100 mM dithiothreitol, 20% methanol) (9) , and then reacted with the four MAbs in immunoblots. Antibody reactivity to denatured polypeptides was detected by sequential incubation with rabbit antimurine immunoglobulin and 1251I-labeled protein A followed by autoradiography (3). All four MAbs bound the 42-and 44-kDa polypeptides in the North American strains, whereas no binding was detected with the Australia and Israel strains (data not shown). The resistance to denaturation of these North American strain epitopes is consistent with the existence of non-conformation-dependent linear epitopes (1, 5, 9) . Therefore, the antigenic diversity among strains is likely due to variation within the epitope coding sequence rather than to a conformational effect from variation elsewhere in the polypeptide.
In contrast to the 42-and 44-kDa polypeptides, surfaceexposed epitopes on the 225-, 60-, and 16-kDa polypeptides (3, 10) . All six MAbs, binding a minimum of four independent epitopes (one each on the 16-and 225-kDa polypeptides and at least two on the 60-kDa polypeptide), reacted with merozoites from each of the nine strains and clones ( Table 2) (2) . The variation in the immunodominant 42-and 44-kDa polypeptides cannot be attributed solely to in vivo passage following isolation, since epitopes are conserved on both the second-passage Texas strain and the multiplepassage Mexico strain and have been lost from both the one-passage Israel-BbTD and the multiple-passage IsraelBbV strains. In addition, passage-induced changes are attributed to selection of parasite subpopulations, and the identical reactivities of clones and uncloned parents indicates that selection of these antigenic variants did not occur in passaging. Identity betWeen clones and parents for the examined epitopes was maintained both in strains bearing the 42-and 44-kDa polypeptide epitopes (Mexico strain and the Mo7 clone) and in strains which lost all four epitopes on these polypeptides (Israel BbV strain and clones B and C).
Consequently, it appears that epitope variation reflects the presence of antigenic variants in different geographical, regions. The rapidity with which these variants arise and their distribution among cattle and tick populations is unknown.
Examination of additional strains from the Americas is needed to determine whether variation of 42-and 44-kDa polypeptide epitopes occurs among regional strains. In contrast to the variation observed in the diffusely expressed epitopes, the conservation of the polar-expressed epitopes in all strains examined suggests that these molecules have an obligate role in merozoite growth or replication. The polar distribution is consistent with localization to the apicalcomplex organelles demonstrated to be involved in Plasmodium merozoite invasion of erythrocytes (15) . The marked conservation of these B. bovis epitopes, combined with their merozoite surface exposure, targets the polypeptides bearing these epitopes (225-, 60-, and 16 kDa) as candidates for experimental immunization and challenge.
